and in Turkey as it can predict in-hospital mortality after cardiac surgery (4) . The use of the EuroSCORE model in the adult Turkish cardiac surgery population is obligatorily practiced by the national health authority and the Turkish Social Security Agency (4).
However, EuroSCORE is limited to pre-operative variables and does not include intra-or post-operative circumstances. The APACHE II model has been developed in intensive care units (ICUs) and been applied in the research and risk stratification of critically ill patients (5, 6) . This model uses the lowest values of 12 measured physiological variables during the first 24 h after admission in the ICU, with the evaluation of the patient's chronic health and the diagnosis at admission, to predict mortality (5) . It is simple to calculate this score from data that are routinely available during the first 24 h after admission, and the model has been extensively studied in general ICU populations.
In the present study, we retrospectively analysed the charts of 600 patients who underwent surgery and who were post-operatively admitted to the ICU at Ordu State Hospital. We evaluated the predictive ability of APACHE II in patients following open heart surgery.
Methods
We included 600 consecutive adult patients admitted to the ICU following open heart surgery from August 2013 to December 2015 in our retrospective study. Those who were re-admitted to the ICU were excluded. The study was retrospective and thus did not need approval of the local ethics committee.
The patients were transferred from the operating room directly to the ICU, where they were post-operatively monitored for two days; they were then sent to the recovery ward. No data were missing. All patients signed written informed consent and the study complied with the Declaration of Helsinki.
The APACHE II score was calculated on the first post-operative day. The following data were collected: age; medical history; systolic and mean arterial blood pressure; heart rate; respiratory rate; body temperature; oxygenation; arterial pH; serum sodium, potassium and creatinine levels, haematocrit; white blood cell count; platelet count; and Glasgow Coma Scale score. APACHE II score calculation was based on the lowest values of the above parameters documented during the first 24 h following admission to the ICU.
Statistical analysis
Data obtained analysed using the MedCalc program (MedCalc version 18.6, MedCalc Software bvba). For data evaluation, number, percentage, mean and standard deviation were used. Estimation of the data values was tested by analysis of ROC. P-values of <0.05 were considered significant.
The area under the receiver operating characteristic (ROC) curve (AUC) value was calculated to compare the predictive power. AUC is meaningless for values under 0.7; a value between 0.7 and 0.8 is acceptable, that between 0.8 and 0.9 is very good and that of 0.9 is excellent.
Results
The mean age of the 600 patients was 64.77±10.148 years. Of these, 420 (70.0%) were males and 180 (30.0%) were Yalçın et al. Use of the APACHE II Score females. Most patients had undergone isolated coronary artery bypass grafting (400 patients) (66.67%); isolated valve surgery was the second most common procedure that the patients had undergone (88 patients) (14.67%). The descriptive features of the patients are presented in Table 1 .
The mean length of ICU stay was 4.210±6.913 days, and the mean length of hospital stay was 6.950±4.105 days. Because one patient has stayed in the ICU for 70 days and another for 59 days and as they both died, the mean length of ICU stay was high and may be inconsistent with the discharge duration.
The overall mortality was 8.33%, with the deaths of 50 patients recorded during the study period. The predicted mortality according to EuroSCORE was 11.3%, whereas the predicated mortality according to APACHE II was 10.2%. The difference between the observed and predicted rates was not significant. Table 2 shows the average of the studied parameters.
The AUC value was 0.743 for APACHE II and 0.767 for EuroSCORE. The results of ROC analysis for APACHE II and EuroSCORE are shown in Figure 1 and Figure 2 . Table 3 shows the significance of the APACHE II and Euro-SCORE ROC curves. The area under the ROC curves was a statistically significant parameter (p<0.05) in both APACHE II and EuroSCORE. Table 4 shows sensitivity and specificity values according to APACHE II score. Table 5 shows sensitivity and specificity values according to EuroSCORE.
The optimum cut-off value for APACHE II was >9. Sensitivity and specificity values at the cut off point line were 56.25 and 83.58, respectively. The Youden index 0.3983.
The optimum cut-off value for EuroSCORE was >3. Sensitivity and specificity values at the cut off point line were 93.75 and 51.9, respectively. The Youden index was 0.4524.
Discussion
In the present study, we evaluated the mortality predictive ability of the APACHE II scoring system after cardiac surgery. Based on our study results, APACHE II may be an acceptable scoring system for predicting hospital mortality.
Despite advances in cardiac surgery, mortality remains high; several scoring systems have been developed and successfully implemented to predict mortality (7, 8) . Risk scores depend on the population for which they were developed and the characteristics of their population. Risk scores in surgical practice measure not only risk but also analyse and compare results. The primary objectives of these systems are to predict Turk J Anaesthesiol Reanim 2018 They are based on pre-operative general risk factors to predict intra-and peri-operative mortality.
EuroSCORE has been used in the past decade to estimate both in-hospital mortality and morbidity in a large number of cardiac surgery centres worldwide (9) (10) (11) . In a large study including 6222 cardiac surgery patients and comparing 19 scoring systems, the discriminatory power for 30-day mortality was highest for EuroSCORE (12) . We found that EuroSCORE overestimates the risk of mortality. The observed mortality was 8.33%, while the predicted mortality with EuroSCORE was 12.3%. This rate may be influenced by the type of procedure that the patients have undergone (only 64% of the patients underwent isolated coronary artery bypass grafting), patient sub-groups and different surgeons performing the surgery.
Outcome estimation scoring systems are being increasingly used in intensive care medicine, but most have not been developed for use in patients who have undergone cardiac surgery. Such post-operative models are not based on pre or peri-operative variables but only take into consideration parameters after admission to the ICU. The most commonly Yalçın et al. Use of the APACHE II Score The APACHE scoring system was designed in general ICUs; this system has been the gold standard for years to assess disease severity and estimate hospital mortality. The first version, which assessed disease severity on the basis of 34 physiological parameters, was presented by Knaus et al. (14) . The next version, APACHE II, was published in 1985, and the hospital death risk was calculated (5). Subsequent versions were also developed.
The parts of APACHE II are as follows: a) 12 acute physiological parameters (acute physiology score), b) patient age and c) chronic diseases and surgical procedures. The score was confirmed in specific patient populations, including surgical (15) and trauma patients, as well as among patients with general critical illnesses (16, 17) . There is a benefit in predicting mortality in critically ill trauma patients (18), transplant patients (19) and sepsis patients (20) .
However, the subset of patients who underwent cardiac surgery was excluded during the development of several general scoring systems such as APACHE and the Simplified Acute Physiology Score. Even so, most of these scoring systems are used in cardiac surgery ICUs because of the lack of an appropriate risk index for this patient subset (21) .
The oldest APACHE II system still predicts mortality well (22) . APACHE III and IV are newer versions but are not widely accepted. All APACHE models are based on the most abnormal values of the parameters measured during the first 24 h after admission to the ICU. We calculated all APACHE scores on the first post-operative day.
Exarchopoulos et al. (23) found CASUS to be the most reliable and beneficial score in cardiac surgery patients. Doerr et al. (21) reported that APACHE II did not perform well in terms of calibration and discrimination statistics in a study of 2801 patients. They evaluated the APACHE II score on all ICU days. However, we used the score obtained only on the first post-operative day. Argyriou et al. (24) reported that the APACHE II score has good and comparable discriminative ability to predict the outcome in cardiac ICUs. They found the best predictive ability (AUC=0.926) for mortality. In our study, APACHE II was found to be acceptable for predicting mortality after patients underwent open heart surgery (AUC=0.743). We found the optimum cut-off value for APACHE II to be >9. However, the median APACHE II score was 6 in our study population. Apache II may be separately computed for patients who die and those who remain alive.
Some specific factors belonging to cardiac surgery mean that some scoring systems cannot be effectively used. The relatively long mechanical ventilation time (25) and post-operative sedation limiting the use of Glasgow Coma Scale score as a prognostic parameter (26) are examples of these.
The values of post-operative scoring systems can be affected because of electrolyte and blood glucose imbalance, long mechanical ventilation time, post-operative sedation after cardiac surgery and, mainly, cardiopulmonary bypass use (27, 28) .
The use of intra-aortic balloon pumps and ventricular assist devices and low cardiac output syndrome (LCOS) occurring post-operatively (29) are important parameters affecting outcomes in patients. Unfortunately, most scoring systems ignore these parameters (21) . All these factors have an effect on the prognosis.
The present study was based on retrospective single-centre data of patients in a small hospital in Turkey. The major limitations of this study are the small sample size and single-centre design, which limit the extrapolation of the findings to generalised conclusions to the Turkish cardiac surgery population. The variety of cases and quality of care may have influenced the results. For further validating our findings, multicentre-studies are needed.
Conclusion
We retrospectively collected data of adult patients admitted to our ICU after undergoing cardiac surgery and evaluated the mortality predictive ability of the APACHE II scoring system.
Scoring systems are an important part of current cardiac surgical practices; they assess operative mortality and morbidity. More verification tests are needed globally for different patient populations due to changes in the cardiac case variety, surgical techniques and clinical outcomes. Based on the findings of our study, EuroSCORE and the APACHE II risk model had moderately acceptable AUC values (0.743 for APACHE II and was 0.767 for EuroSCORE) for predicting mortality. However, larger studies are required to confirm our results. 
